SIEMENS

12-Bit A/D Converter SDA 0812 A
with 4-Channel Multiplexer SDA 1812D
Preliminary Data CMOS
Features
® 12-bit resolution
® Autocalibration circuitry
® No offset or gain adjustments required
® Total unadjusted error + 1/2 LSB max. (SDA 0812 A)
respectively = 3/4 LSB max. (SDA 1812 D)
® Fast conversion time (6 us)
® SDA 1812 D with over 100 kHz sampling rate
® No missing codes P-DIP-28
® S/N + THD together 71 dB typ
® Single 5 V supply
@ 4-channel multiplexer with latched control logic
® Easy interfacing to 8- and 16-bit microprocessors
@ Data output in a 2-byte format
® 0 V1o 5V analog input voltage range
@ Digital inputs and outputs are TTL compatible VPLOS03S
& Standby mode (50 uW typ)
® CMOS low power consumption (10 mW typ) P-LCC-28-2

® Temperature range — 40 t0 85 'C

Type Ordering Code Package
HSDA 0812 A Q67100-A8233 P-DIP-28

SDA 8300
H SDA 1812 D Q67100-H8291 P-DIP-28
55 Sihhdbi L
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SIEMENS SDA 0812 A

SDA 1812D

General Description

SDA 0812 A and SDA 1812 D are monolithic CMOS 12-bit analog to digital converters
with a 4-channel analog multiplexer. They need only a 5 V supply and achieve a
conversion time of 6 s plus 2.5 us sample time.

They use the method of successive approximation based on a capacitor network. An
autocalibration circuit guarantees a total unadjusted error within = 1/2 LSB max.
(SDA 0812 A) respectively + 1/2 LSB typ. (SDA 1812 D). Therefore the device needs
no external offset or gain adjustments. The converters feature a temperature stabilized
differential comparator, a sample and hold function and a 12-bit data output in a 2-byte
format. Designed for easy microprocessor interface using the standard control signals ¢S,
RD and WR the 4-channel input multiplexer is controlled via address inputs A0 and A1.

Two converter busy flags are available to facilitate polling of the converter's status.

With a sample and hold circuit on chip, the SDA 1812 D is suited for digitizing AC signals
as well as DC signals. The maximum sampling rate of the SDA 1812 D is more than
100 kHz according to 2.5 s sample time plus 6us conversion time. The SDA 1812D is
specified with traditional static specifications as well as with dynamic specifications (SNR,
THD, effective number of bits).

The temperature range of the SDA 0812 A/1812 D is — 40 °C to 85 °C.
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SIEMENS SDA 0812 A

SDA 1812D
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SDA 0812 A
SDA 1812D

Pin Definitions and Functions

Pin Symbol Function

1 CAZ Special function pin (see Reading the Conversion Results, SFR
and Internal Clock Operation). Connect to a MP address pin. If
not used, CAZ can be connected to AGND or DGND or can be
unconnected.

2-5 AIN 0 to AIN 3 | Analog Input, channel 0 to channel 3

6 + Vrer Pos. voltage reference input, + Veer =5V

7 — Vrer Neg. voltage reference input, - Vrer = 0 V

8 DGND Digital Ground, DGND =0V

9 Vee Logic supply voltage, Vcc = 5 V must not be applied before Vool

10-17 | DB7-DBO Three-state data outputs.

Data Bus output (CS, RD = LOW)
Symbol Symbol
(BYSL = HIGH): (BYSL = LOW)

10 BUSY DB7 BUSY s an active high converter status flag. It is high

11 LOW DB6 during a conversion and during autocalibration.

12 LOW DB5 LOW Pin 11 to pin 13 are tied to DGND when

13 LOW DB4 BYSL = HIGH

14 DB11 (MSB) DB3 DB11 is the MSB.

15 DB10 DB2

16 DB9 DB1

17 DB8 DBO (LSB) DBO is the LSB.

18 RD Read input, active low, is used to read the data outputs in
combination with Cs and BYSL.

19 Cs Chip Select input, active low.

20 WR Write input, active low, is used to start a new conversion and to
select an analog channel via address inputs AQ, A1 in
combination with CS low. The minimum WR pulse width is 100 ns.
It is independent of internal/external clock operation.

21 BYSL Byte Select input, is used to select high or low data output byte

in combination with CS and RD, or to select SFR.
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SIEMENS SDA 0812 A

SDA 1812D
Pin Definitions and Functions (cont'd)
Pin Symbol Function
22 BUSY Converter status output. BUSY is low during conversion or
autocalibration. BUSY is high after the converter has finished its
operation.
23 CLK Clock input for internal/external clock operation. For external

clock operation connect pin 23 to a 74HC compatible clock
source. For internal clock operation connect pin 23 to a R timing
component (see Clock Operation description).

24-25 | AQ to Al Address inputs, are used to select one of four analog input
channels, in combination with CS and WR. The address inputs
are latched with the rising edge of WR.

A1 A0 Selected Channel

LOw LOW AINO
LOW HIGH AIN1
HIGH LOW AIN2
HIGH HIGH AIN3

26 CAL/THY Calibration input. An autocalibration cycle is initiated with CAL =
LOW. If not used, CAL can be connected to Vec or unconnected.
In this case autocalibration is only initiated by power-up/power-
fail, or by SFR. The minimum pulse width of CAL is 100 ns. Using
the SDA 1812 D, via SFR the function of pin 26 can be defined
as an external Track-Hold (TH) pin (see SFR description).

27 AGND Analog Ground, AGND =0V
28 Voo Analog supply, Voo = 5 V, must not be applied after Vec!

1) TH-pin refers to SDA 1812 D
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SIEMENS
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SIEMENS SDA 0812 A

SDA 1812D

Functional Description

SDA0812A and 1812D are 4-channel 12-bit A/D converters. The successive
approximation technique provides 6 us conversion time. The required sampling time of the
on-chip sample-and-hold-circuit is 2.5 ps. An autocalibration technique guarantees a
total unadjusted error within + 1/2 LSB max. (SDA 0812 A) and + 3/4 LSB max. (SDA 1812
D) over the entire temperature range. The major components are shown in the block
diagram.

The comparator is a fully differential autozeroed one for a high power supply rejection
ratio and very low offset vollages. The charge redistribution design using a binary
weighted capacitor network inherents the sampling function to convert AC-signals (SDA
1812 D). A Sub-C Network is used to correct linearity-errors in the Main-Capacitor
Network. The correction terms are calculated by a microcontroller in an autocalibration
cycle, started by power-up or CAL signal. The correction terms are stored in a calibration
memory. The stability of integrated C-Networks guarantees the correction terms to be valid
over time and temperature. In the case of a power up/power fail (Vcc less then 3 V typical)
new calibration cycles will be initiated automatically. This guarantees the integrity of the
correction terms.

Three-state output drivers with multiplexer for 2-byte data format, an analog multiplexer
with address latch and a clock oscillator with external or internal ciock operation complete
the functional components of the device.

A/D Converter Timing
SDA 0812 A

After a conversion has been started with the rising edge of WR the analog input voltage is
sampled for 5 clock cycles. The analog source must be capable to charge the capacitor
network of appr. 50 pF to full accuracy in this time. In parallel an offset compensation
mechanism reduces the comparators offset error below 1/4 LSB. During this period the
converter is susceptable to spikes and noise at the analog input, which may cause
erroneous codes at the digital outputs. Therefore RC-filtering at the analog inputs is -
recommended.

Conversion of the sampled analog voltage takes place between the 6th and 17th clock
cycle. The CAZ pin is not used for normal operation. However CAZ serves as an
additional programming pin. (See Special Function Register).

SDA 1812D

After a conversion has been started with the rising edge of WR the analog input voltage is
sampled for 5 clock cycles. The analog source must be capable to charge the capacitor
network of appr. 50 pF to full accuracy in this time.

By starting a conversion with WR sampling of the analog signal is defined by the first rising
edge of the internal CLK pulse + 4.5 clock cycles + 100 ns (typ) after the rising edge of
WR. For precisely defined sampling point WR has to be synchronized with CLK. The
conversion of the sampled analog voltage takes place between the 6th and 17th clock
cycle.

To avoid synchronizing problems between WR and CLK the CAL pin is programmable into
an external Track-Hold pin (TH) via SFR. A low to high transition at this pin defines the
sampling point of the ADC with a delay time of 5ns typ. without synchronizing to CLK. The
low pulse width of TH defines the tracking period of internal sample and hold circuit
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SIEMENS SDA 0812 A
SDA 1812 D

and should be 2.5 us min. Using this TH pin an additional offset error of + 1 LSB may
occure. This TH pin should be used in combination with on chip clock generator. Using
external clock generator in combination with asynchronous TH function brings offset
errors up to + 4 LSB via pin coupling effects. By synchronizing the TH signal with external
CLK this offset error can be reduced again to + 1 LSB. The best conditions are given by
delaying the falling clock slope 20 ns to the rising edge of TH.

The SDA 1812 D operates with the master clock. The conversion cycle may not begin
until up to 1.5 clock cycles after TH goes high.

The CAZ pin is not used for normal operation. However CAZ serves as an additional
programming pin (see Special Function Register).

Autocalibration

An autocalibration cycle is started

— with the rising edge of a CAL low pulse

— by setting the DB1 in the Special Function Register (SFR)
— by power-up/power-fail

and takes 168 clock cycles. Finally a normal conversion (17 clock cycles) is added
automatically. During an autocalibration or conversion cycle each power supply voltage
and each reference voltage has to be stable. Therefore an internal timer provides a
waiting period of 42 240 clock cycles between power up/power fail and autocalibration
function. Power up calibration is finished after 42425 (42240 + 168 + 17) clock cycles.

Reading the Conversion Results

Normal Mode (Transparent)

The data is read as two 8-bit bytes. The converters digital outputs are positive true. Data is
presented in right justified format (i.e., the LSB is the most right-hand bit in a 16-bit word).
Two READ operations are required, the BYSL input determines which byte is to be read.
Because the conversion results are held in a successive approximation register the high
byte may be read out before the conversion is finished.

The 4 most significant bits are valid in the 10" clock cycle after starting a conversion with
WR. Valid 12-bit data are available for reading after the BUSY pin has gone high, or
internal status flag BUSY (available on pin 10) has gone low.

Latched Output Mode

An additional function is reading the data is available via an integrated data latch, which
is transparent in normal function mode.

The latched output function may be activated by writing high on DBO and low on DB7 (see
Special Function Register SFR) with WR, CS active in combination with CAZ and BYSL
pin high.

The data latch is set transparent by power-up.
When the latch function is active an internal generated latch enable signal shifts the data

from the SAR into a 12-bit latch. This occures when BUSY gets inactive (high). The
conversion result is valid during the next conversion cycle until new data is latched.

Therefore it may be read out even after starting a new conversion.
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SDA 0812 A
SDA 1812D
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Starting a Conversion with TH (SDA 1812 D)

may be synchronous with internal clock generator and should be synchronized with exter-
nal clock for best performance.

Se
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SIEMENS SDA 0812 A

SDA 1812D

The Special Function Register (SFR)

An internal register for additional functions programmed by the microprocessor is
available.

Special Functions
SDA 0812 A
— 12-bit data latch is enabled by setting SFR DBO high.

— INT-CAL starts a calibration by setting SFR DB1 high, the timing of this calibration refers
to EXT-CAL function (168 + 17 clock cycles).

- The converter is set to a standby mode by programming DB3 high. In this mode the
analog circuit and the internal CLK-generator are deactivated, total power consumption
reduced to 50 uW typ. Wake up the converter by writing low to DB3, ext. CAL, INT-CAL
(DB1) or power-up function (Vec < 3 V). Applying CS and WR (start of conversion) during
standby mode (DB3 high) delivers one correct conversion result, subsequently the
converter goes back to standby mode until new conversion start or wake-up signal.

— POWER FAIL FLAG is set if a power fail occured, showing that a new calibration was
started (BUSY active) and that the data of SFR (data latch enable) are lost. To reset this
flag write low to DB5.

— CAL-ERROR flag is set on DB6 if a calibration overflow occurs (may be in very noisy
systems). It is reset by starting a calibration and remains low after a properly finished
calibration.

— BUSY flag is high (DB?7) if a calibration or a conversion is in process.

SDA 1812D
— 12-bit data latch is enabled by setting SFR DBO high.

— INT-CAL starts a calibration by setting SFR DB1 high, the timing of this calibration refers
to EXT-CAL function (168 + 17 clock cycles).

— The CAL pin function is modified to an ext. Track-Hold (TH) function by setting DB2 high.
Reset the function to CAL by writing low into DB2. The ext. Track-Hold pin (TH)
guarantees sampling points precisely defined by the rising edge of TH signal. The
internal sampling point is delayed 5 ns typ. to the external TH slope.

— The SDA 1812 D is set to a standby mode by programming DB3 high. In this mode the
analog circuit and the internal CLK-generator are deactivated, total power consumption
reduces to 50 uW typ. Wake up the SDA 1812 with writing low to DB3, EXT-CAL, INT-
CAL (DB1) or power-up function (Vec > 3 V). Applying WR and CS or a rising edge on TH
pin (Conversion Start) during standby mode (DB3 high) delivers one correct conversion
result, subsequently the SDA 1812 D goes back to standby mode until new SOC or
WAKE UP signal.

— POWER FAIL FLAG is set if power fail occured (DB5), showing that a new calibration
has been started (BUSY active) and that the data of SFR (data latch enable CAL/TH pin
programming) are lost. To reset this flag write low to DB5.

— CAL-ERROR flag is set on DB6 if a calibration overflow occures (may be in very noisy
systems), is reset by starting a calibration and remains low after a properly finished
calibration.

— BUSY FLAG is high (DB7) if a calibration or a conversion is in process.

Note that all programmabile bits of the SFR are reset to low by power-up.
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Writing the SFR (SDA 0812 A/1812 D, see figure 9)

The SFR is activated by pulling CAZ and BYSL pins high and loading a data word with a
general low on DB7 by a microprocessor WRITE cycle.

other DB7 | DB5 | DB3 | DB2% | DB1 | DB0O | cs/ |CAZ/ | Function
DB WR BYSL|
reserved LOW| LOW active | HIGH | Reset of POWER

FAIL FLAG
reserved | LOW HIGH active | HIGH | Set POWER FAIL FLAG

(not locked)
reserved | LOW LOW active  HIGH | Wake-up from STANDBY
reserved | LOW HIGH active | HIGH | STANDBY mode active
reserved | LOW LOW active | HIGH | CAL function on pin 26
reserved | LOW HIGH active | HIGH | TH function on pin 26
reserved | LOW LOW active HIGH | —
reserved | LOW HIGH active | HIGH | INT-CAL is initiated
reserved | LOW LOW | active | HIGH | Output data

latch transparent
reserved LOW HIGH]| active | HIGH | Output data

latch enabled

Reading the SFR (SDA 0812 A; see figure 10)

The contents of SFR are put to the DATA BUS by a microprocessor READ cycle in
combination with BYSL and CAZ high.

Data Bus Pin Function

DBO DATA LATCH State: HIGH enabled, LOW transparent

DB1 CAL FLAG: HIGH during calibration

DB2 RESERVED

DB3 HIGH if STANDBY mode is active

DB4 RESERVED

DB5 POWER FAIL FLAG: HIGH if power fail occured

DB6 | CAL ERROR FLAG: HIGH if calibration overflow occured
DB7 BUSY FLAG: HIGH during calibration or conversion

Warning: Reading on CAZ high and BYSL low is prevented for factory use,
unpredictable data may appear on the data bus.

) Refers to SDA 1812 D
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SDA 1812D

Reading the SFR (SDA 1812 D; see figure 10)

The contents of SFR are put to the DATA BUS by a microprocessor READ cycle in
combination with BYSL and CAZ high.

Data Bus Pin Definition

DBO DATA LATCH State: HIGH enabled, LOW transparent
DB1 CAL FLAG: HIGH during calibration

DB2 CAL/TH: HIGH for TH, LOW for CAL function

DB3 HIGH if STANDBY mode is active

DB4 RESERVED

DB5 POWER FAIL FLAG: HIGH if power fail occured

DB6 CAL ERROR FLAG: HIGH if calibration overflow occured
DB7 BUSY FLAG: HIGH during calibration or conversion

Reading on CAZ high and BYSL low is reserved for factory use only, unpredictable data
may appear on the data bus.
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SDA 1812D

Internal Clock Operation
The external circuitry for internal clock operation is shown in figure 3.

Figure 4

Clock Frequency of Internal Clock

Generator versus External Resistor Value
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The clock generator can be operated between 100 kHz and 2 MHz. Note that the
specifications are referenced to fox = 2 MHz. Typically, the specified accuracy is
maintained from 0.5 to 2.0 MHz.
The actual operating frequency of the internal clock oscillator can vary from device to
device. Therefore for precisely defined conversion times usage of an external clock
generator is recommended.

Figure 5
Typical Internal Clock Frequency versus Temperature
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SDA 1812D

External Clock Operation

The required circuitry for external clock operation is shown in figure 6.

Y e
Compatible 3LLK ‘
Clock Source i SDA 08124
foix " SDA 1812D
1€500077
DGND

Figure 6

The external clock source has to provide 0.8 Vmax for low voltage level and 3.5 Vmin for
high voltage level. The rise and fall times have to be 200 ns max. The minimal pulse width
of ext. CLK has to be 200 ns.

There is no synchronizing between external clock and ext. TH signal. Synchronizing
should be provided for optimal performance, see A/D converter timing on page 9. Note
that the specifications are referenced to fok = 2 MHz. Typically, the specified accuracy is
maintained from 0.5 to 2.2 MHz.

Absolute Maximum Ratings

Parameter Symbol Limit Values Units

P R

min. max.

Supply voltages? Vee, Voo 6.5 \
Input voltage range (all inputs) Vi -0.3 Vee +0.3 |V
Package dissipation 875 mw
{at or below 25 °C free-air temperature range)
Ambient temperature Ta -40 85 C
Storage temperature | Tog - 65 ; 125 c

Note:
1} Alt voltage values are with respect to network ground terminal
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Characteristics (SDA 0812 A)
Vece=5V+5%, Vec=5V £5%, Vaer< Voo > Vee,— Vaer =0V, DGND =0V, AGND =0V
few = 2 MHz, all specifications tmin t0 tmax Uniess otherwise specified.

Parameter Symbol Limit Values |Unit |Test Condition
min. |typ. |max.

Accuracy
Resolution 12 Bit No missing

codes guaranteed
Total unadjusted error? TUE +/—1/2|LSB | All channels, AINO-AIN3
Differential nonlinearity DNL +/-1/2|LSB
Full scale error (gain error) |GE +/— 1/4|LSB | All channels, AINO-AIN3
Offset error OFS +/—1/4|LSB | All channels, AINO-AIN3
Channel to channel
mismaich +/—1/4|LSB
Analog Inputs
Analog input range Vam —Vrer Veer |V
Slew rate? SR 8 mV/us
Multiplexer
Settling time 20 ns Switch delay after
ON-resistance Ron 2 k2 programming
OFF-resistance Rorr 10 MQ  [the input channel
On channel
input capacitance Can 50 pF
Input leakage current
at25C IaN 10 nA AINO-AIN3
at tmin 10 fmax fan 100 nA
On-state bias current +/-5 pA Depends on analog input

voitage
Reference Inputs
Positive reference voltage |+ Veser |4.75 |5 Voo \ For specified
Negative reference voltage |— Vrer 0 \ performance
Input reference current Irer 10 |100 pA
Power supply rejection Voo +1/8 LSB |Vaer =475V 10525V
Logic Inputs
CAZ (pin 1), RD (pin 18),
CS (pin 19), WR (pin 20),
BYSL (pin 21), AG (pin 24),
A1 (pin 25), CAL (pin 26)
L-input voltage Vi 2.4 0.8 \
H-input voltage Vin \

Notes see next page
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SDA 0812 A
SDA 1812D

Characteristics (cont'd)

Piar;mqe;j —————— o Symbgl1 Limit Values Unit |Test Condition -

min. ‘typ. max.
Logic Inputs
- -
Input current i
at25°C Iin -1 1 uA Vin=0V to Vce
at-40°C...8°C In -10 10 HA
CLK (pin 23)
L-input voltage Vi 0.8 \
H-input voltage Vin 3.5 \
L-input current I -10 10 uA
H-input current I 1.5 mA | 100 nA max. during

standby
Logic Outputs
DBO to DB7 (pins 10 to 17), i -
BUSY (pin 22) |
L-output voltage Va ‘ 0.4 \ Isnk = 1.6 MA
H-output voltage Var 4.0 \ Isaurce = 200 pA
Floating state leakage
current (pins 10-17) -1 1 uA Vour =0 V to Vee
Floating state output Co 15 pF
capacitance
Conversion Time
With external clock - ] N
f 24 us fok = 500 kHz
f 6 us fow =2 MHz
with internal clock t 7.5 us Using recommended clock
(Ta=25"C) ! 38 us components as shown
in fig. 4.

i See internal clock

! operation
sampling time 1 (2.5 us

Notes

1 Includes full scale error, offset error, integral and differential nonlinearity.
2 Input signals with specified slew rates can be converted without external sample-and-hold. Input signals
with higher slew rates may cause digital full scale errors. Filtering by a low pass (R =2 kQ, C = 100 nF)

or use of an external sample-and-hold is required then.
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SDA 0812 A
SDA 1812D

Characteristics (cont’d)

Parameter Symbol Limit Values |Unit |Test Condition
min. |typ. |max.
Functional Range
Supply voltage Voo 5 \ + 5 % for specified
performance
Vee 5 \ + 5 % for specified
performance
Supply current {op 2.5 mA  |[Typ. 1 mA with
Voo=5V
Icc 1.0 |20 mA |Vin=ViL=or Vi
Power dissipation Po 10 |25 mW |WR=RD =CS =BUSY
= HIGH
Power dissipation Poss 50 uW  |WR=RD =CS =BUSY
(standby mode) =HIGH
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Characteristics (SDA 1812 D)
Voo=5V+5%, Vec=5V +5%, Vaer<s Voo 2 Ve, — Veer =0V, DGND =0V, AGND =0V
Fek = 2 MHz, all specifications tmin to tmax Unless otherwise specified.

SDA 0812 A
SDA 1812D

Unit | Test Condition

No missing codes
All channels, AINO-AIN3

All channels, AINO-AIN3
All channels, AINO-AIN3
with internal clock
generator or synchronizing

Full scale input sinwave,

1 kHz f sampling is 100 kHz
Full scale input sinwave,

50 kHz f sampling is 100 kHz
Full scale input sinwave,

50 kHz f sampling is 100 kHz

Selected and unselected
channels AINO-AIN3G;

Depends on analog

Parameter SymboI] Limit Values
|min. |typ. |max.
DC Accuracy
Resolution 2 [ ] sis
| | guaranteed
Total unadjusted error? | TUE £1/2]+3/4 LSB
Differential nonlinearity DNL +1/4 \‘i 1/2 |LSB
Full scale error (gain error) |GE +1/81+1/4 |LSB
Offset error OFS +1/8+1/4 |L.SB
Offset error with
TH function +1/2/+1 |LSB
Channel to channel ! TH to ext. CLK
mismatch - | ! +1/4 |LSB
Dynamic Performance? 3
Signal to noise ratio |snvr Tee |71 dB
66 |69 dB

Total harmonic distortion THD 75 daB
Full power bandwidth BW 4 MHz
(—3dB)
Aperture delay time l 5 ns |T/Hpin
Analog Inputs
Analog input range AIN !—VREF i +Vrer|V
Multiplexer ‘
Settling time 10 ns
On channel input
Capacitance Can 50 pF
ON-resistance Ron 2 kQ
OFF-resistance Rorr 10 ‘ MQ
input leakage current

+25°C 1N | 10 |[nA

fmin 10 fmax fan 100 |nA
On-state bias current +5 uA

input voltage

Notes see next page
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Characteristics (cont'd)

Parameter

Symbol

Limit Values

min. ‘typ. ]max.

Unit

Test Condition

Reference Inputs

Positive reference voitage |+ Vrer 4.7 Voo |V (For specified performance)
Negative reference voltage |- Vrer |0 \ (For specified performance)
Input reference current Irer 100 WA |+ Veer=5.0V
Power Supply Rejection
Supply voltage Voo ’i 1/8 1 ‘LSB ] Voo =475V10525V
Logic Inputs
CAZ (pin 1)
RD (pin 18), CS (pin 19),
WR (pin 20) BYSL (pin 21),
AQ (pin 24), A1 (pin 25)
CAL (pin 26)
L-input voltage Vie 08 |V
H-input voltage Vir 2.4 \
Input current

+25°C In -1 1 pA  |Vn=0Vto Vee

Trin 10 Trrax I -10 10 uA
CLK (pin 23)
L-input voltage Y 08 |V
H-input voltage Vin 3.5 \
L-input current I -10 10 |uA
H-input current In 1.5 |mA |100 nA max. during standby
Logic Outputs
DBO0-DB7 (pins 10-17),
BUSY (pin 22)
L-output voltage Vou 04 |V Isnk = 1.6 MA
H-output voltage Vou 4.0 \ Isource = 200 uA
Floating state leakage
current (Pins 10-17) -1 1 pA
Floating state output
Capacitance Ca 15 pF  |[Vour=0V1to Vee
Notes

1) Includes full scale error, offset error, integral and differential nonlinearity.

2) §/N includes harmonic distortion
3) Sample tested at 25 C
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Characteristics (cont'd)

SDA 0812 A
SDA 1812 D

Parameter

Symbol

Limit Values

min. |typ. |max.

Units

Test Condition

Conversion Time

With external clock text \6 us fok = 2 MHz symmetrically
i 24  |us few = 500 kHz

With internal clock fint 6 us Using recommended clock
components as shown in
figure 4. See internal clock

Sampling time " ts 25 us ioperation

Power Requirements

Analog supply voltage . 525 |V

Logic supply voltage Vee 475 |5 525 |V

Analog supply current Iop 075125 'mA |Voo=5V

Logic supply current Icc 1.0 |20 mA [Vn=VworVm

Power dissipation Po 10 |25 |mW |WR=RD=CS =BUSY =

Power dissipation (standby) |Pos 50 uW  |Logic HIGH

Note:

1) Ensures the analog input source to load 50pF during sampling time to required accuracy.
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SDA 1812D

Timing Specifications
Voo=5V+5%,Vec=5V +5%, Vrer< Vb Voc,— Vaer =0V, DGND =0V, AGND =0V
Sfowk = 2 MHz, all specifications mn to tmax unless otherwise specified.

Parameter Symbol Limit Values Unit
min. typ. max.
Min. TH LOW pulse width (SDA 1812 D) 1THL 25 Hs
AMUX-settling time after programming the tAMUX 20 ns
input channel
CS to WR setup time 112 0 ns
WR pulse width 122 100 ns
CS to WR hold time 132 0 ns
WR to BUSY propagation delay ta 20 50 150 ns
BYSL, CAZ valid to WR setup time ts 100 ns
BYSL, CAZ valid to WR hold time t6 20 ns
BUSY to CS setup time 17 0 ns
CS to RD setup time tg2) 0 ns
RD pulse width 192 100 ns
CS to RD hold time t16? 0 ns
BYSL, CAZ to RD setup time 1 50 ns
BYSL, CAZ to RD hold time ti2 0 ns
RD to valid data
Bus Access Time (100 pF Load) 113® 80 150 ns
Bus Access Time (50 pF Load) 113% 40 75 ns
RD to three-state output t14® 20 60 ns
Bus relinquish time 1159 90 180 ns
Data valid to WR setup time tie 100 ns
Data valid to WR hold time t17 20 ns
Notes:

1) All input control signals are specified with # = ## = 20 ns (10 % to 90 % of 5 V) and timed from a

voltage level of 1.6 V. Data is timed from Vi, ViL or Von, VoL.

The internal RD pulse is performed by a NOR wiring of TS/RD. The internal WR pulse is performed by a

NOR wiring of CS/WR.

3) hs is measured with the load circuits of figure 11 and defined as the time required for an output to
cross 0.8Vor24V.

4) hais defined as the time required for the data lines to change three-state, see figure 11.

5) 115 is defined as the time required for the data lines to change 10 %/90 % when loaded with the circuits
of figure 11.

2
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SDA 0812 A
SDA 1812D

[
{Pin 19}
f1 fz f3
WR E— T ~
(Pin 20) N 7
-t
BUSY {_
(Pin22)
ts fo— -k r
CAZ ————\— .
{(Pin1) ] Z
<——f16—— f,” a—
A0, A1 m
(Pin 24.25) Y. Y
1ET000S6
Figure 7
Red Cycle Timing
BUSY
{Pin 22)
k
53
{Pin19)
fs i
RD \ '
(Pin 18) N 7 N 7
CAZ Y —  \ 7}1
(Pin 1) N
- —=| g p— o Fry [-— —= '12}‘(
BYSL
(Pin21) Z A J *_
el by [ e By e t |- hg =
DATA HIGH IMPEDANCE BUSH/ 0 By pATA LHIGH BYTE DATA
(Pin10-17) 3 A
Figure 8
Red Cycle Timing
Notes

The 2-byte conversion result can be read in either order. The figure shows the sequence low byte to high

byte. If BYSL changes while TS and RD are low the data will change to reflect the BYSL input.
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SDA 1812 D
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Figure 9
Writing to the SFR

s
{Pin 19)

ty ho
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—
{Pin 18)
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}
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(Pin 21)

L
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Figure 10
Reading the SFR
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SDA 0812 A
SDA 1812D

Vic
fRb— a
] i
LI-a ¢ 3k
€, = 10pF
"
V.
« 90%
RO £so%%
10%
GNOD —
Ve

Ver

3kQ

T

Q —_0

1£500078

€,= 100pF

0% 08y
Vo= 1ET00128
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s
€, = 10pF {,=100pF
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¥
« 90%
RD 50%
10%
GND —
Vim 90%
, 2.4Y
GND 1ET00127
r~he ';}
peat— f15
Figure 11

THREE-STATE Test Circuits and Timing Diagrams
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SDA 1812D

1 2 3 & 5 6 17 % 17 18
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Offset Compensation
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L
I
]
I
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|
L
i
I
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¥
|
|

Busy \ : ;
! I
I Successive :
I
1 |

1ET00063

Figure 12
Converter Timing (SDA 0812 A)

Figure 13

Effective Number of Bits versus Analog Input Frequency (SDA 0812 A)
Vec=Voo=+ Vaer =5V, - Vrer =0 V; fox=1MHz

1ED00064
12

. —
6 N
,, \

Effective Bits

2
0 |
01 0.2 0.5 1 2 .5 kHz W

Analog Frequency ———

Semiconductor Group 437



SIEMENS

SDA 0812 A
SDA 1812D

Clock

BUSY /

Convert

TH \_

Sampling Point

\tmin.TH Putse

{Normal Mode) 20ns

min. TH Pulse

{Standby Mode)2.5ps

1ET00076

Figure 14
TH-Timing (SDA 1812 D)

Dynamic Performance (SDA 1812 D)
The SDA 1812 D is specified dynamically as well as with standard DC specifications.

Figures 15 and 16 show 2048 point FFT plots of the SDA 1812 D with analog input
signals of 1 kHz and 50 kHz. When the SNR is calculated it includes harmonics.

Figure 15

dB
+10

1E000079

0

|

-10 R

SIN: T1.40dB

Analog Frequency: 1.02kHz

-100 |——
-10
S120b— -
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SIEMENS SDA 0812 A

SDA 1812D

Figure 16

dB 1ED00080
+10 ‘ I

0

SIN: 69.22d8B
-10 Analog-Frequency:47.99kHz

-110 — o L LR L AL N 7
-120
0 S 10 15 20 25 30 35 40 45 S0kHz

£

The relationship between Signal-to-Noise Ratio (SNR including harmonics) and the
resolution of an ideal ADC with no differential or integral linearity errors is expressed in
the following equation:

SNR[dB] - 1.76
6.02

off =

Figure 17
Typ. Effective Number of Bits versus Analog Input Frequency

Nees

1£000081
12

B .
1

0 5 10 15 20 25 30 35 40 45 S0kHz
Analog Frequency ————a~
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SDA 1812 D

Micorprocessor Interfacing
Microprocessor interfacing is straight forward and requires only a few external gates.

Siemens/Intel Microprocessors
A typical interface is shown in figure 15.

- Start of Conversion
A write instruction selects one of the analog input channels and starts the conversion.
Write Address: ADG-CS , DATA pins DOO and DO1 select the analog input channel.
The BUSY signal can be used to generate an interrupt to the micorprocessor (INT).

— Read the Conversion Result:
A read instruction from the: ADC-CS -address fetches the low byte, a read instruction
from ADC-CS -address + 2 the high byte.

SIEMENS / INTEL a2
Micro-Processor Address Bus ?
based Systems QA1 !
! l |
l
|
Address — o INT
(I0/M)|- — —» Decoder ADC-C5 I
Logic }
8085 BYSL CAZ BUSY
8086/88 Voo |——05V
80186/188 _
80286 » TS Vee ——o5V
8031 _ _
8054 G > G bGno ——
52 AGND [——]
80515 W »WR SDA L, 1 esonov
+
0812A/ “'re ‘
1812D  -Vye [—o 0.000V
Data Bus  000-D07 opoo §00' |oBo-DB? C(LK|—o int./ext.CLK
o ext. CAL/TH)"
» A1
0-5VAnalog
AZ AINO-3 Input Range
TH pin refers to SDA1812D [esoo0s2

Figure 18
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Motorola Microprocessors
A typical interface is shown below

A1-AZ3 A2
(AQ-AT9] Address Bus oAl T }
1
|
I
I
_ Address — i
AS Decoder ADC-CS |
MC 6B000 P |
{MC 68008} 9 |
DTACK BYSL CAZ BUSY
Vyof—o 5V
RIW s Vec——o5V
I L | ] DGND——
W SDA AGND——
WR
0812 A/ *Veee [ 5000V
18120 -Vpee—o 0.000V
Data Bus  D00-DO7 opgo P01 |pBo-DB7 CLK|——o int.fext.CLK
—— ext. CAL/(TH)"
A1l
0-5V Analog
A2 AINO-3 tlnpuf Range
"TH pin refers to SDA 18120 1£500083

Figure 19

- Start of Conversion
A WRITE instruction to an address decoded by the address decoder logic will start a
conversion. The lower 2 bits of the data bus select the input channel. MOVE.W DO,
ADC-ADDRESS.

- Read the Conversion Result
A READ instruction to the ADC-ADDRESS puts the conversion result to the data bus:
MOVE.PW$000 (ADC-ADDRESS), DO places the 12-bit result of the conversion in the
DO register. The address decoder has to pull down ADC-CS wire at ADC-ADDRESS
and ADC-ADDRESS + 2.
Figure 20 shows how the result is placed in register DO.

B DD

U g|g!P|P|D|D|D|D|D|D|D|D
slolooly(y/B/B/BB|B/B|B|B|B|B
Y 110]9|8|7|6(5(4|3|2|1]|0

Figure 20
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SDA 0812 A
SDA 1812D

Analog Section : Digital Section
: ~N
AINO
==, DB0-DBY
) ~-—{1} AIN1
Signal R3 ==0,
Conditioning O—R:l c AIN2 o
4 =Tt (S, RD,WR, A0, A1,CAZ, PV
—~—{1 10 AIN3 EAL,BYSL,BUSY, TH
Signat GND SDA 0812A -
_REF (0] SDA 18120
~Vaer S
G==G
Volk +REFISV]} K )
RZfe?‘gﬁc e ¢ +Ver Ve [——oint fext. (LK
===1pF
GNO SVo Voo o5V
(====G ==(c ==G
0Ve AGND DGND o0V
H
TH pin refers to SDA 18120 | 1ES00084
Figure 21
Application Hints
SDA 0812 A SDA 1812D
Ca ...5nF ...10nF
Cc ... 10 nF Ceramic | ... 10 nF Ceramic
Cr ... 10 uF Tantal ... 10 pF Tantal
Ri...Rs ...50Q ... 100 Q
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Power Supply Decoupling

The digital respectively analog 5 V power supply should be connected with a 10 uF
tantalum capacitor to DGND respectively AGND. To ensure good HF performance this
capacitor should be connected in parallel with a 10nF ceramic capacitor. These
capacitors should be placed as close as possible to the converter.

Note, that logic supply voltage Vcc must not be applied before Voo!

Reference Voltage

To avoid dynamic errors a 10 uF tantalum capacitor connected in parallel with a 10 nF
ceramic capacitor should be placed as close as possible to the component between pins
+ Vrer and — Vaer. Also an 1 uF capacitor should be placed between — Vaer and AGND.

Analog Inputs

The high input impedance of the analog channels AIN 0 to AIN 3 allows simple anatog
interfacing. Signal sources — Veer < AIN < + Vrer can directly be connected to the analog
input channels, that is without additional buffering, if they are able to supply the current
that is necessary to load the sample and hold capacitance being approx. 50 pF, within 5
clock cycles.

All converter measurements are done with respect to the reference voltages, analog
ground only powers the chip. Therefore — Vrer has to be used as the signal ground. The
simple RC-filter 50 Q, 5 nF (100 Q, 10 nF) is recommended in order to protect the analog
input against spikes and noise during the offset compensation period.

Application Note

For operation without any interferences, + Veer must not exceed Voo (see characteristics:
Voo 2 Vee, Voo 2 + Vrer), especially not during switching-on. Please start autocalibration
using pin CAL after all voitages (Voo, Vce, + Vaer, — Vier) are stable.

Note
Values in brackets refer to SDA 1812 D.
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